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Abstract

Background: Metacarpal shaft fractures are common and can be treated nonoperatively. Shortening, angulation,
and rotational deformity are indications for surgical treatment. Various forms of treatment with advantages and
disadvantages have been documented. The purpose of the study was to determine the stability of fracture fixation
with intramedullary headless compression screws in two types of metacarpal shaft fractures and compare them to
other common forms of rigid fixation: dorsal plating and lag screw fixation. It was hypothesized that headless
compression screws would demonstrate a biomechanical stronger construct.

Methods: Five matched paired hands (age 60.9 + 4.6 years), utilizing non-thumb metacarpals, were used for comparative
fixation in two fracture types created by an osteotomy. In transverse diaphyseal fractures, fixation by headless compression
screws (n =7) and plating (n = 8) were compared. In long oblique diaphyseal fractures, headless compression screws (n = 8)
were compared with plating (n = 8) and lag screws (n = 7). Testing was performed using an MTS frame producing an apex
dorsal, three point bending force. Peak load to failure and stiffness were calculated from the load-displacement curve
generated.

Results: For transverse fractures, headless compression screws had a significantly higher stiffness and peak load to failure,
means 2494 N/mm and 584.8 N, than plates, means 12902 N/mm and 303.9 N (both p < 0.001). For long oblique fractures,
stiffness and peak load to failure for headless compression screws were means 209 N/mm and 7584 N, for plates 258.7 N/
mm and 5185 N, and for lag screws 172.18 N/mm and 234.11 N. There was significance in peak load to failure for headless
compression screws vs plates (p =0.023), headless compression screws vs lag screws (p < 0.001), and plates vs lag screws
(p =0.009). There was no significant difference in stiffness between groups.

Conclusion: Intramedullary fixation of diaphyseal metacarpal fractures with a headless compression screw provides excellent
biomechanical stability. Coupled with lower risks for adverse effects, headless compression screws may be a preferable
option for those requiring rapid retumn to sport or work.

Level of evidence: Basic Science Study, Biomechanics.
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Background

Metacarpal fractures account for almost 18% of all
fractures distal to the elbow, with non-thumb frac-
tures accounting for 88% of this group [1]. Metacar-
pal shaft fractures can be treated nonoperatively, but
shortening, angulation, and rotational deformity can
diminish clinical function [2]. As such, surgical
stabilization is commonly employed to restore ana-
tomic alignment.

Current methods for metacarpal shaft fixation in-
clude Kirschner wires (k-wires), plating, and screws,
depending on fracture orientation and physicians pref-
erence. Plating represents a strong construct for a
wide variety of fracture types with the drawbacks of
more extensive soft tissue dissection, higher infection
risk, risk of extensor adhesions, or hardware irritation
[3, 4]. Screws represent another rigid form of fixation
and are an option with long oblique or spiral frac-
tures. Although less rigid, percutaneous K-wires are
appealing as they decrease soft tissue dissection. A
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disadvantage of k-wires is that they protrude through
the skin risking infection and making early range of
motion difficult [5].

With the growing active population, alternate forms
of fixation to decrease tissue dissection, lower infec-
tion risk, lower risk of extensor tendon adhesion,
lower hardware irritation, and allow early active mo-
tion and rapid return to function deserve consider-
ation. Headless compression screws in hand fractures
have emerged in a few clinical studies showing good
results for function and healing with the advantages
listed above [6-8].

The purpose of the study was to determine the stability of
fracture fixation with intramedullary headless compression
screws in two types of metacarpal shaft fractures and com-
pare them to other common forms of rigid fixation: dorsal
plating and lag screw fixation. It was hypothesized that head-
less compression screws would demonstrate higher load to
failure than plates in transverse fractures and higher load to
failure than plates and lag screws in long oblique fractures.

Fig. 1 Plate and screw construct, gross specimen (a) in transverse osteotomy and lateral fluoroscopic image in oblique osteotomy (b)

b
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Methods

Specimen Preparation & Fixation

Five matched paired hands, mean age 60.9 + 4.6 years,
were obtained and underwent dual energy x-ray ab-
sorptiometry (DEXA) (Lunar DPI XQ dexascan Madi-
son, Wis). A lcm” region within the metacarpal neck
was measured. Metacarpals were dissected free, ex-
cluding the thumb metacarpals, yielding 40 metacar-
pals. Two metacarpals were disqualified from use due
to previous deformity. Diaphyseal fractures were cre-
ated with an oscillating saw, one millimeter thick. In
fifteen, the osteotomies were transverse located 25
mm from the distal articular surface, and in twenty-
three were long oblique with the osteotomy beginning
dorsally 20 mm from the distal articular surface and
exiting 35 mm palmarly. In the first group of matched
paired hands of transverse fractures, metacarpals were
fixated with dorsal non locking plating (n =8) versus
metacarpals with headless compression screws (n =7).
The second group of match paired hands with long
oblique fractures fixated with dorsal non locking plat-
ing (n =8) versus headless compressions screws (n =
8) versus two lag screws (n =7).

In the dorsal plating groups, low profile 2.4 mm plates
(Arthrex, Naples, Florida) were placed on the dorsal sur-
face. The transverse fractures utilized a six-hole plate, and
for the long oblique fractures seven-hole plates. In each,
two 2.4 mm non-locking screws were inserted bicortically
on each side (Fig. 1). There has not been sufficient evidence
for the need of three screws on each fracture side [9].

In the lag screw fixation, two 2.4 mm non-locking cortical
screws (Arthrex, Naples, Florida) were inserted perpendicular
to the fracture line. Each near cortex was drilled with a 2.4
mm drill bit, and the far cortex with a 1.7 mm drill bit, ac-
cording to standard lag screw technique (Fig. 2).

In the headless compression screw group, a 1.1 mm
guidewire was inserted into dorsal third articular surface
of the metacarpal head and subsequently into a central
position of the metacarpal shaft on anteroposterior and
lateral fluoroscopic imaging. The distal metacarpal ar-
ticular surface was then opened with a 2.4 mm cannu-
lated drill bit if using a 3.5 mm compression screw, and
a 3.2 mm cannulated drill bit if using a 4.0 mm cannu-
lated screw. The cannulated headless compression
screw (Arthrex, Naples, Florida) was inserted over the
guidewire to a depth of approximately 2 mm below the
closest (dorsal) articular surface. Small and ring meta-
carpals were fixated with the 3.5 mm compression screw
and long and index with 4.0 mm compression screws
based on the diameter of the medullary canal (Fig. 3).

Testing protocol
Each metacarpal was subjected to a three point bend-
ing, apex dorsal force, on a Materials Testing System
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Fig. 2 Lateral fluoroscopic image of lag screw construct in
oblique osteotomy

(MTS) servohydraulic test frame (MTS Systems Corp,
Eden Prairie, MN), similar to previous studies [5, 10,
11]. Each sample was placed with the dorsal surface
downward toward the base plate and the loading pin
centered over the fracture site (Fig. 4). The loading
pin displaced toward the MTS actuator at a rate of
100 mm/min until failure. Sampling of the load dis-
placement was recorded at a rate of 100 Hz. Failure
was defined by sudden change in the load-
displacement curve.

Data analysis

Load displacement curves were generated for each speci-
men. The curve was utilized to calculate the peak load
to failure (N) and stiffness (N/mm). The peak load to
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fluoroscopic imaging (c)

Fig. 3 Headless compression screw fixation, gross specimen (a), anteroposterior in transverse osteotomy (b), and lateral in oblique osteotomy

C

failure was the maximum force at which an acute change
in the load-displacement curve was observed. Stiffness of
the construct corresponded to the slope of the load-
displacement curve before the peak load was reached.

Statistics
Given the variation of testing specimens in previous metacar-
pal biomechanical studies [1, 5, 10, 12], an a priori power

analysis was difficult. We assumed the smallest difference
would be between the headless compression screws and plate
fixation groups. A difference of 75N between these groups
was selected as the threshold for a relevant difference in load
to failure. A standard deviation of +50 N was assumed across
groups. Assuming these parameters, a sample size of 7 per
group would provide 80% power to detect a 75N difference
in load to failure at an alpha level of 0.05.
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Fig. 4 Testing setup with loading pin centered over osteotomy

producing an apex dorsal force on the MTS servohydraulic frame

Descriptive statistics to categorize the groups were cal-
culated using mean and standard deviation. Differences
between the groups in load to failure and slope were
tested with one way ANOVA with a post hoc Bonferroni
correction where appropriate for longitudinal fractures
and an independent ¢ test for transverse fractures. A p
value less than 0.05 was considered statistically significant.

Results

Transverse shaft fracture

For plate and screw constructs, the mean peak load to
failure was 303.9+94.47N and mean stiffness was
129.02 £ 66.18 N/mm. All specimens failed by plate
bending (Fig. 5a).
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Headless compression screws fixation showed a mean
peak load to failure of 829.8 + 116.4 N and mean stiffness
was 316.9 £ 101.6 N/mm. Four specimens failed by the
screw bending and three specimens failed by loosening
in the metacarpal head region with resultant displace-
ment at the fracture site.

A significant difference was observed in both peak load
to failure (p <0.001) and stiffness (p <0.001) in favor of
the headless compression screw group. There was no
significant difference in bone mineral density between
headless compression screw and plate specimens (p =
0.626).

Oblique shaft fractures

In plate and screw constructs, the mean peak load to
failure was 518.5+21245N and mean stiffness was
258.7+99.68 N/mm. All specimens failed by plate
bending.

In two lag screw constructs, the mean peak load to
failure was 234.11 +178.06 N and mean stiffness was
172.18 + 122.28 N/mm. All specimens failed by screw
heads pulling through the near (dorsal) cortex (Fig. 5b).

For headless compression screw constructs, the mean
peak load to failure was 758.4+54.9 N and mean stiff-
ness was 275.1+62.6 N/mm. All specimens failed by
loosening of the implant in the metacarpal head region
and displacement at the fracture site (Fig. 5c).

Comparison of the groups showed a significant differ-
ence in peak load to failure of headless compression
screws versus plate and screws (p =0.023), headless
compression screw versus lag screws (p <0.001), and
plate and screws versus lag screws (p =0.009). A signifi-
cant difference in stiffness was not observed between
groups (p =0.12). There were no significant differences
in bone mineral density between specimens of headless
compression screw and plate (p =0.42), plate and lag
screws (p = 0.46), or headless compression screw and lag
screws (p =0.94).

Discussion
In the current study, biomechanical stability of various
fixation methods for diaphyseal metacarpal fractures
were compared. In transverse fractures, intramedullary
headless compression screw was compared to dorsal
plating. The former was found to be superior in both
stiffness and peak load to failure. In the oblique frac-
tures, intramedullary headless compression screw, dorsal
plating, and two lag screws were compared. While the
intramedullary compression screw had significantly
higher peak to load failure compared to the other two
methods, there was no significant difference in stiffness.
Cannulated headless compression screws have been
widely used in hand surgery since Herbert and Fisher
[13] introduced its utility in scaphoid fractures.
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Fig. 5 Failure patterns, a plate bending in a transverse osteotomy, b lag screw disengagement in oblique osteotomy, and ¢ headless compression
screw loosening in metacarpal head and displacement at osteotomy site of oblique pattemn

C

However, its use as an intramedullary device for meta-
carpal fractures is relatively new [6, 14, 15].

The intramedullary compression screw has several
advantages over conventional fixation methods. It
avoids the risk of pin tract infection or need for re-
moval associated with percutaneous K-wire fixation.
Unlike dorsal plating which requires a more extensive
dissection, the intramedullary screw can be inserted
through a small dorsal incision. Furthermore, with the
compression screw, the entire hardware is buried in-
side the metacarpal and thus unlikely to cause irrita-
tion of surrounding soft tissue or tendon ruptures.
Finally, the compression screw allows for early active
motion exercises to minimize stiffness when com-
pared to K-wires [7, 8, 16]. These advantages make
intramedullary compression screw an attractive option
for fixation of metacarpal fractures. Some downsides
of intramedullary screw fixation have to be mentioned
on the other hand as extensor tendon disruption and
difficult explantation in case of infection or refracture
is possible [10, 17].

The results from the current study support that com-
pression screw fixation provides excellent biomechanical
stability that is comparable to dorsal plating or lag
screws. Analogous to plate fixation, it may provide an
option for rapid return to sport [18] with a lower risk of
adverse effects. All construct exceeded by far the invivo
forces generated by the flexor tendons of 30N and
therefore can be considered possible options [19] from a
biomechanically point of view.

In comparison to existing biomechanical data by Oh
et al. we could demonstrate higher peak loads for all
tested devices [20]. This may be due to the effect of a
more stable plate and larger diameter intramedullary
compression screws with a different design. Especially
the size of the intramedullary compression screw has to
fit perfectly in order to generate optimize fixation
strength. Oftentimes the available screw size may not be
large enough to archive endosteal purchase [21].

Reported clinical results for compression screw fixation
have been good. Del Pinal et al. [14] reported a series of
48 metacarpal fractures, all of which healed with total
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active motion (sum of distal phalangeal joint, proximal
phalangeal joint, and metacarpophalangeal joint motion)
averaging 249 degrees. Ruchelsman et al. [6] first reports a
series of 20 metacarpal fractures in which all fractures
healed with full flexion and grip strength measuring 105%
(range 58 to 230%) compared to the contralateral side. In
their second series of now 91 patients they could continue
to show favorable results without the disadvantages of
open reduction and fixation [7].

There are several limitations of the study. Failure of
the constructs was tested only in one dimension and
without cyclic loads demonstrating a possible loosening
during the early postoperative phase. We chose to load
the construct with an apex-dorsal force based on previ-
ous biomechanical studies [5, 10, 11]. Axial, rotational,
or cyclical loading may reveal clinically important differ-
ences. Also, only 3-point bending instead of cantilever
bending was used that may not reflect individual anat-
omy and physiology of the hand and metacarpal loading.

Particularly with plate fixation, other methods or con-
struct configurations are possible and are not accounted
for, such as locking plate constructs, which could dem-
onstrate different results. Additionally, the current study
was performed on cadavers and does not account for
any differences in biological healing the different con-
structs induce. However, differences in bone mineral
density between cadaver specimens was tested and found
to be insignificant.

It should also be noted that the retrograde placement
of intramedullary screw requires an arthrotomy of MCP
joint as it is inserted through the articular surface of the
metacarpal head which may put the joint at an increased
risk for future arthritis [22]. Furthermore perfect ana-
tomic reduction may be more difficult percutaneously
than in open techniques, but clinical results remain good
(6, 7, 14].

Conclusion

Intramedullary fixation of diaphyseal metacarpal frac-
tures with a headless compression screw provides excel-
lent biomechanical stability. Coupled with lower risks
for adverse effects, headless compression screws may be
a preferable option for those requiring rapid return to
sport or work.
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